Anemia is a serious complication of HIV/AIDS that is associated with increased morbidity, faster progression to AIDS, decreased survival time, and increased mortality (Moore, Keruly, & Chaisson, 1998; Spivak et al., 1989; Sullivan et al., 1998) . HIV-infected individuals who are severely anemic experience debilitating symptoms, functional impairment, decreased sense of well-being, and a poorer quality of life (Cella, Mo, & Peterman, 1996) . For these reasons, it is imperative that nurses in AIDS care be well prepared to manage HIV-related anemia. Pathophysiology provides the scientific basis for understanding HIV-related anemia. Pathophysiology, the study of the pathogenesis, etiology, clinical manifestations, diagnosis, complications, and treatment of specific diseases, provides a scientific basis for the management of HIV-related anemia. The purpose of this article is to provide advanced-practice nurses with a knowledge base for the differential diagnosis and treatment of the most common types of anemia experienced by HIVinfected individuals.
Prevalence, Morbidity, and Mortality of HIV-Related Anemia
As many as 66% to 85% of persons who have progressed to AIDS have some degree of anemia (Ganser, 1988; Hambleton, 1996; Scadden, Zon, & Groopman, 1989) . Zon and Groopman (1988) reported that 8% of HIV-infected individuals who were asymptomatic, 20% who were symptomatic, and 71% who had progressed to AIDS were anemic. Spivak et al. (1989) reported that anemia occurred in 18% of HIV-infected individuals who were asymptomatic, 50% who were symptomatic, and 75% who had progressed to AIDS. Despite advances in the treatment of HIV infection, the prevalence of anemia in HIV disease has remained relatively constant (Mocroft et al., 1999; Sullivan et al., 1998) .
Anemia is more common among HIV-infected women than HIV-infected men (Means, 1997) . This may be due in part to the fact that, in general, anemia is more prevalent in women than men. Menses, pregnancy, and lactation are times when women are more at risk for anemia. Men are capable of storing greater amounts of iron, approximately 1000 mg of iron, whereas women are able to store only 300 to 500 mg (Leclair, 1997) .
Anemia is an independent predictive marker for disease progression and death in HIV-infected patients (Mocroft et al., 1999; Rabeneck, Hartigan, Huang, Soucheck, & Wray, 1997; Spino, Kahn, Dolin, & Phair, 1997) . Controlling for CD4 cell count and viral load, Mocroft et al. (1999) found that the latest hemoglobin value was a strong independent prognostic marker for death. Likewise, successful treatment of anemia is associated with a reduction in the risk of HIV-related death (Moore et al., 1998) .
Overview of Normal Erythropoiesis
Hematopoiesis refers to the production and development of erythrocytes (red blood cells), leukocytes (white blood cells), and thrombocytes (platelets). The tissues of the hematopoietic system consist of the bone marrow, liver, spleen, lymph nodes, and thymus gland. These tissues are responsible for the production, maturation, and destruction of blood cells. In infancy and early childhood, hematopoiesis occurs in all bones; however, in adults, it occurs primarily in the red bone marrow of the pelvic bones, vertebrae, skull, ribs, sternum, and the proximal ends of the femur. During periods of severe anemia, the fatty bone marrow, liver, and spleen can participate in hematopoiesis in a process known as extramedullary hematopoiesis (Gallicchio, 1992) .
All blood cells (erythrocytes, leukocytes, and platelets) are derived from progenitor cells called pluripotent stem cells located in the red bone marrow. Although relatively few in number (less than 0.01% of the nucleated cells are in the bone marrow), they produce all the blood cells an individual will ever have across the life span. The pluripotent stem cells express the CD34 surface protein marker and are negative for CD38. Upon stimulation by growth factors, colonystimulating factors, and interleukins, the pluripotential stem cells give rise to myeloid stem cells that differentiate into erythrocytes, leukocytes, or platelets or lymphoid stem cells that become T-or B-lymphocytes (Bell & Hughes, 1997; Sacher & McPherson, 2000) (see Figure 1) .
Erythropoiesis refers to the production and development of erythrocytes. There are at least four cytokines (hormone-like growth factors) that stimulate proliferation, differentiation, and activation of erythrocytes. These cytokines are erythropoietin, interleukin-3, granulocyte-monocyte colony-stimulating factor, and monocyte-macrophage colony-stimulating factor (Bell & Hughes, 1997; Sacher & McPherson, 2000) (see Figure 1) .
The primary cytokine responsible for erythropoiesis is erythropoietin. Although insignificant amounts are produced elsewhere in the body, erythropoietin is produced in greatest quantities by cells in the kidneys. The primary stimulus for the synthesis and release of erythropoietin is hypoxia (decreased oxygen in the tissues). Hypoxia may result from declining numbers of red blood cells, low hemoglobin levels, chronic obstructive disease, or inspiring air that contains less than 21% oxygen. Hypoxia stimulates the production and release of erythropoietin into the circulation. Erythropoietin travels in the circulation to its target tissue, the bone marrow, where it stimulates the differentiation of pluripotent stem cells into erythrocytes (Bell & Hughes, 1997; Sacher & McPherson, 2000) (see Figure 1) .
Erythrocytes are biconcave disks approximately 7 to 8 µm in diameter. Their biconcave shape maximizes the red blood cell's surface area and ability to carry oxygen for gas exchange. Unlike most other cells in the body, mature erythrocytes do not contain cell organelles; therefore, they are unable to synthesize proteins, including enzymes. Energy, in the form of adenosine triphosphate (ATP), is produced by the conversion of glucose to lactate in the Embden-Meyerhof metabolic pathway. Each erythrocyte contains approximately 300 molecules of hemoglobin enmeshed within the cell membrane (Bell & Hughes, 1997; Sacher & McPherson, 2000) .
The life span of the average erythrocyte is approximately 120 days. As erythrocytes age, their intracellular enzymes decrease and their metabolism begins to slow. At about day 120, intracellular metabolism becomes insufficient to maintain the integrity of the red blood cell. The red blood cell plasma membrane becomes osmotically fragile, and hemolysis begins. Normally, about 1% of circulating red blood cells die and are removed by the reticuloendothelial system each day (Sacher & McPherson, 2000) . At this rate of erythrocyte destruction, healthy adults must produce more than 2,400,000 new erythrocytes per second just to maintain a steady state. At senescence, the spleen breaks down erythrocytes and the reticuloendothelial cells degrade hemoglobin into heme and globin, which are then recycled.
Hemoglobin, the major constituent of erythrocytes, is responsible for carrying oxygen to the tissues. Normal adult hemoglobin has four major constituents: globin, protoporphyrin, iron, and 2,3-diphosphoglycerate (2,3-DPG). Globin chains are polypeptide chains that are synthesized by the developing red blood cells. Protoporphyrin is synthesized by the developing red blood cells. Heme is formed when protoporphyrin combines with ferrous iron. Chemical bonding of heme with globin results in the formation of hemoglobin. Hemoglobin carries oxygen from the lungs to the tissues and carbon dioxide from the tissues to the lungs. Iron is responsible for the characteristic bright red color of oxygenated blood and dark red color of deoxygenated blood (Ludvigsen, 1992) . For adequate oxygenation to take place, oxygen must attach to hemoglobin in the lungs and detach from hemoglobin when it reaches the tissues, where it can enter the cells and be used for metabolism. At the alveolar-capillary membrane, hemoglobin must have a high affinity for oxygen, and at the capillary membrane of other tissues, hemoglobin must have a low affinity for oxygen. Three factors influence this process: body temperature, serum carbon dioxide concentration, and the level of 2,3-DPG contained by red blood cells. High body temperatures, high carbon dioxide levels, and elevated 2,3-DPG decrease hemoglobin's affinity for oxygen, making it easier for oxygen to dissociate from hemoglobin when it reaches the tissues. Anemic patients can increase the concentration of 2,3-DPG in erythrocytes by the nonoxidative metabolism of the Embden-Meyerhof pathway (Harmening, 1997; Ludvigsen, 1992) .
In adults, only three types of hemoglobin exist under physiologic conditions: hemoglobin A 1 (HbA 1 ; two α and two β chains), hemoglobin A 2 (HbA 2 ; two α and two δ chains), and hemoglobin F (HbF; two α and two γ chains). Adult hemoglobin (HbA1) is the predominant type of hemoglobin during adulthood (96%-98%). Although fetal hemoglobin (HbF) is the predominant type of hemoglobin during fetal life, it only accounts for about 0.5% to 0.8% of the hemoglobin during adult life. Hemoglobin A 2 accounts for 1.5% to 3.0% of the hemoglobin in normal adults (Harmening, 1997; Ludvigsen, 1992) .
Laboratory Tests of Erythrocyte Structure and Function
To correctly diagnose and treat anemia, knowledge of several laboratory tests is required. The following is a brief discussion of the laboratory tests used to establish a diagnosis of anemia. The normal values and interpretation of these laboratory tests are presented in Table 1 .
Erythrocytes
Red blood cell count. The red blood cell count is the total number of red blood cells in a cubic millimeter of blood measured in millions of cells/mm 3 . A low red blood cell count indicates anemia. A higher than normal red blood cell count indicates an overproduction of red blood cell, known as polycythemia. Although polycythemia can be a hemoproliferative disorder (polycythemia vera), secondary polycythemia (due to chronic hypoxemia) is the most common type of polycythemia. The red blood cell count is normally higher in men than in women. Overhydration can falsely lower the red blood cell count, whereas dehydration has the opposite effect (Fischbach, 1996; Sacher & McPherson, 2000) .
Hemoglobin. The amount of hemoglobin attached to red blood cells is measured in milligrams per deciliter (mg/dL). A low hemoglobin indicates anemia. Hemoglobin is normally higher in men than in women (Fischbach, 1996; Sacher & McPherson, 2000) .
Hematocrit. Hematocrit is the percentage of whole blood that is made up of red blood cells. Red blood cells make up 97% of the cells in whole blood. White blood cells and platelets account for the other 3% of blood cells. When whole blood is centrifuged, it separates into two layers, blood cells and plasma. Blood cells normally make up slightly less than half of the volume of whole blood (Fischbach, 1996; Sacher & McPherson, 2000) .
Reticulocyte count. The reticulocyte count is the number of immature red blood cells that have been released from the bone marrow into the circulation. It requires approximately 4 or 5 days for reticulocytes to become mature red blood cells after being released into the circulation. The reticulocyte count indicates how well the bone marrow is functioning and how well it is responding to erythropoietin. Therefore, the reticulocyte count is low in bone marrow failure or when erythropoiesis is insufficient (Fischbach, 1996; Sacher & McPherson, 2000) .
Erythrocyte Indices
Mean corpuscular volume. The mean corpuscular volume refers to the relative volume (size) of red blood Phillips, Groer / Anemia 51 Fischbach (1996) and Sacher and McPherson (2000) .
cells. When the mean corpuscular volume is low, red blood cells are microcytic (smaller than normal). A high mean corpuscular volume indicates that the red blood cells are macrocytic (larger than normal) (Fischbach, 1996; Sacher & McPherson, 2000) .
Mean corpuscular hemoglobin. The mean corpuscular hemoglobin is a measure of the average amount of hemoglobin in red blood cells. If the mean corpuscular hemoglobin is low, red blood cells are hypochromic. Hypochromic red blood cells have a central area of pallor greater than 3 µm. If the mean corpuscular hemoglobin is high, red blood cells are hyperchromic. Hyperchromic cells stain gray-blue in color and are usually larger than normal red blood cells (Ciesla, 1997) .
Mean corpuscular hemoglobin concentration. The mean corpuscular hemoglobin concentration refers to the average concentration of hemoglobin in a single red blood cell. When the mean corpuscular hemoglobin concentration is high, red blood cells are hyperchromic. When the mean corpuscular hemoglobin concentration is low, the red blood cells are hypochromic (Fischbach, 1996; Sacher & McPherson, 2000) .
Red blood cell distribution width. The red blood cell distribution width indicates the degree of variation in size of the red blood cells. If the red blood cell distribution width is out of normal range, anisocytosis is present (Glassman, 1997) . A normal red blood cell distribution width in the presence of macrocytosis (increased mean corpuscular volume) suggests round macrocytosis that is seen in conditions such as alcohol abuse, liver disease, or acute hemolytic anemia. An increased red blood cell distribution width in the presence of macrocytosis suggests oval macrocytosis that is seen in conditions such as aplastic anemia, vitamin B 12 deficiency, or folic acid deficiency (Teferri, 2001 ).
Iron Metabolism
Serum iron. Serum iron is a measurement of the amount of iron in the serum. A low serum iron level may indicate iron deficiency. A high serum iron level may indicate iron poisoning. Serum iron levels must be evaluated in context with serum transferrin, serum transferrin saturation, and serum ferritin (Leclair, 1997) .
Serum transferrin. Serum transferrin is a measurement of the amount of transferrin, a globulin in the blood that is responsible for binding and transferring iron. Transferrin increases in iron deficiency anemia and decreases in chronic illness and hypoproteinemia (Fischbach, 1996; Sacher & McPherson, 2000) .
Serum transferrin saturation. Serum transferrin saturation is a calculation that indicates how much iron is available for hemoglobin synthesis. It is obtained using the following formula: serum transferrin saturation = serum iron level × 100% total iron-binding capacity. Serum transferrin saturation should be at least 20% to ensure that there is enough iron present to meet the requirements of hemoglobin synthesis (Fischbach, 1996; Sacher & McPherson, 2000) .
Serum ferritin. Serum ferritin is an iron-phosphateprotein complex. Iron is stored in the body as ferritin. Ferritin is made by the intestinal mucosa when iron combines with a protein known as apoferritin. Ferritin is stored primarily in the reticuloendothelial cells of the liver, spleen, and bone marrow. Serum ferritin is more sensitive than either serum iron or total iron-binding capacity for diagnosing iron deficiency or overload (Fischbach, 1996; Sacher & McPherson, 2000) .
Total iron-binding capacity. Total iron-binding capacity is the additional amount of iron that transferrin can bind. In iron deficiency anemia, there is more transferrin available to transfer iron in the serum than there is iron (Fischbach, 1996; Sacher & McPherson, 2000) .
Laboratory Tests Used to Detect Vitamin Deficiencies
Serum folic acid level. Serum folic acid level is the amount of folic acid present in the serum. Serum folic acid levels fluctuate in response to dietary intake of folic acid. Folic acid deficiency may be due to inadequate intake (i.e., diet that lacks fresh vegetables or chronic illness), increased usage (i.e., pregnancy and lactation), and certain drugs (i.e., many anti-neoplastic agents and anti-malarials). Increased folic acid levels may be seen in pernicious anemia, in vegetarian diets, and following blood transfusions (Fischbach, 1996; Sacher & McPherson, 2000) . Red blood cell folic acid level. Red blood cell folic acid level is the amount of folic acid present in the red blood cells. Because red blood cell folic acid levels do not fluctuate as greatly in response to dietary intake of folic acid, many believe that red blood cell folic acid level more accurately reflects tissue stores of folic acid (Fischbach, 1996; Sacher & McPherson, 2000) . (Fischbach, 1996; Sacher & McPherson, 2000) .
Serum or urine methylmalonic acid. In equivocal cases of B 12 deficiency, increased amounts of methylmalonic acid in the serum or urine gives added evidence that B 12 is being poorly absorbed. B 12 is necessary for the conversion of methylmalonic acid to succinic acid; therefore, in B 12 deficiency increased levels of methylmalonic acid accumulate in the serum or the urine. Vitamin B 12 is required for the conversion of methylmalonic acid to acetyl coenzyme A (Teferri, 2001) .
Plasma homocystine. Both vitamin B 12 and folate are necessary for the conversion of homocystine to methionine. Therefore, homocystine levels will be elevated in vitamin B 12 deficiency and folate deficiency (Taghizadeh, 1997 ).
Schilling's test. Schilling's test is a specific test used to diagnose vitamin B 12 deficiency. The purpose of Schilling's test is to measure the body's ability to secrete biologically active intrinsic factor and to absorb vitamin B 12 . The individual must fast for 12 hours before Schilling's test and 3 hours after the test. Schilling's test requires a cooperative patient who can successfully maintain a 24-hour urine specimen. Schilling's test consists of two stages.
In the first stage, the patient is given 0.5 mg to 2.0 µg of radioactive vitamin B 12 . Following the oral dose, the individual is given an intramuscular injection of 1000 µg unlabeled vitamin B 12 to fully saturate the liver and other sites that bind vitamin B 12 . A 24-hour urine specimen is collected. Normally, more than 7% of the radioactive vitamin B 12 should be excreted in the 24-hour urine sample. If the test is normal at this point, the test is concluded (Fischbach, 1996; Ludvigsen, 1992) . If less than 7% of the radioactively labeled vitamin B 12 is excreted, the patient undergoes the second stage of the test.
If less than 7% of the radioactively labeled vitamin B 12 is excreted, two interpretations are suggested. First, there may be an absence of intrinsic factor. Second, there may be malabsorption in the ileum. If the results are abnormally low, the test is repeated in 3 to 4 days to differentiate between these two possibilities. This time, the individual is given intrinsic factor and radioactively labeled vitamin B 12 . If the urinary excretion of radioactive vitamin B 12 rises to normal levels, it suggests an absence of intrinsic factor (pernicious anemia). If the urinary secretion fails to rise to normal, malabsorption is considered the etiology of the vitamin B 12 deficiency (Fischbach, 1996; Ludvigsen, 1992) .
Laboratory Tests Used to Diagnose Hemolysis
Serum bilirubin. Serum bilirubin is a test that is beneficial in the diagnosis of hemolytic anemia. There are two forms of bilirubin: direct bilirubin (conjugated) and indirect bilirubin (unconjugated). Indirect bilirubin is the unbound fat-soluble form of bilirubin that results from the break down of hemoglobin. Indirect bilirubin circulates freely in the blood. When the direct bilirubin circulates through the liver it is bound to a protein produced by the liver and becomes water-soluble. Conjugated bilirubin makes up a large part of bile. The gastrointestinal tract excretes bile. A normal bilirubin indicates normal liver function and appropriate hemolysis of senescent cells. A high indirect bilirubin in the presence of jaundice suggests hemolytic anemia or liver disease (i.e., hepatitis) that prevents the conjugation of bilirubin. A high direct bilirubin in the presence of jaundice suggests obstruction of the common bile duct or hepatic ducts (Fischbach, 1996; Sacher & McPherson, 2000) .
Coombs' test. The Coombs' test helps to differentiate the types of hemolytic anemia. The direct Coombs' test is a measure of the amount of antibodies attached to the surface of red blood cells. The indirect Coombs' test is a measure of the amount of antibodies against red blood cells present in the serum. A positive direct Coombs' test most often indicates antibody-mediated hemolytic anemia and less commonly may occur after a transfusion reaction or the administration of drugs. A negative direct Coombs' test does not rule out nonautoimmune hemolytic anemia (Fischbach, 1996; Sacher & McPherson, 2000) .
Pathophysiology of HIV-Related Anemia
Anemia is defined in men as a hematocrit less than 42% (hemoglobin < 14 g/dL) and in women as a hematocrit less than 37% (hemoglobin < 12 g/dL) (Sacher & McPherson, 2000) . Many classification systems for anemia exist. One useful classification system is based on erythrocyte size as determined by the mean corpuscular volume. Using this system, there are three broad classifications of anemia: normocytic anemia (red blood cells are normal in size), microcytic anemia (red blood cells are smaller than normal), and macrocytic anemia (red blood cells are larger than normal). Etiologies for each type of anemia are presented in Table 2 .
The three major causes of anemia in HIV disease are decreased red blood cell production, increased red blood cell destruction, and blood loss (see Table 3 ). The clinical spectrum of anemia varies from mild to very severe. The National Cancer Institute (1977) has developed a grading scale for the severity of anemia (see Table 4 ). The symptoms of anemia depend on the severity. Because the oxygen-carrying capacity of red blood cells is reduced, the symptoms of anemia are due to tissue hypoxia. The cardinal symptoms of anemia are dizziness, weakness, fatigue, and headache. Other symptoms of anemia are listed in Table 5 .
Anemia Due to Impaired Red Blood Cell Formation Anemia of Chronic Illness
The most common type of anemia seen in HIV infection is the anemia of chronic illness. In the anemia of chronic illness, erythropoiesis is impaired and reticulocyte response is suppressed. HIV infection increases the body's requirement to produce erythrocytes while at the same time decreasing the body's ability to produce these cells (Scadden et al., 1989; Zon & Groopman, 1988) .
Pathophysiology
The major cause of anemia in HIV disease is impaired erythropoiesis (Coyle, 1997; Mitsuyasu, 1999) . Intrinsic immune mechanisms, opportunistic infections, opportunistic malignancies, medications, and malabsorption of vitamins, trace elements, and other nutrients may contribute independently or synergistically to impaired erythropoiesis. The anemia of chronic illness associated with HIV disease is typically associated with low serum erythropoietin levels (Spivak et al., 1989) .
A rise in the level of the inflammatory cytokines (interleukin-1, interleukin-6, tumor necrosis factor, and interferon) marks the progression of HIV disease. Likewise, the degree of anemia worsens as the serum levels of these inflammatory cytokines rise in HIV-infected individuals. These cytokines have been shown to inhibit erythropoiesis in vitro. Tumor necrosis factor-α has been shown to inhibit erythropoiesis in vitro. Interferon-γ has been shown to suppress the formation of the erythroid colony-forming units (Spivak et al., 1989) . Several opportunistic organisms have been shown to infiltrate the bone marrow and disrupt erythropoiesis. The most common infectious agents associated with HIV-related anemia include Mycobacterium avium complex, Mycobacterium tuberculosis, Histoplasma, Cryptococcus, Coccidiodes, Pneumocystis carinii, and Leishmania (Hambleton, 1996) . In immunosuppressed individuals, M. avium complex may produce a widely disseminated infection involving the blood, bone marrow, and other tissues. M. avium infection has been highly implicated as a cause of HIV-related anemia. Anemia due to M. avium is usually isolated to a reduction in red blood cells. Anemia resulting from other organisms is frequently associated with pancytopenia (Hambleton, 1996) . Another organism strongly associated with HIV-related anemia is Parvovirus B19 infection (Hambleton, 1996) .
Several drugs used to combat HIV and its complications may contribute to the anemia that is seen in HIV disease (Aboulafia, 1997) . Zidovudine is a reverse transcriptase inhibitor that is most commonly associated with anemia in HIV disease (Northfelt, 1999) . Zidovudine inhibits the development of erythrocytes, lymphocytes, and platelets (Walker et al., 1988) . In the early clinical trials, 34% of the patients receiving zidovudine demonstrated a statistically significant reduction in hemoglobin after 6 weeks of therapy (Richman et al., 1987) . Now that zidovudine is being administered at lower doses in combination with other antiretrovirals, the incidence of severe anemia has declined (Collier et al., 1990; Eron et al., 1995; Volberding et al., 1990) . Anemia related to zidovudine therapy often subsides when the drug is withdrawn. Other reverse transcriptase inhibitors may be less myelosuppressive than zidovudine and should be considered for anemic patients.
Zidovudine increases the mean corpuscular volume of red blood cells. Thus, mean corpuscular volume is often used as a measure of adherence to zidovudine therapy. Other drugs that increase the mean corpuscular volume are trimethoprim/sulfamethoxazole and dapsone (Northfelt, 1999) .
In the anemia of chronic illness, the red blood cells are usually normochromic (normal mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration) and normocytic (normal mean corpuscular volume). However, microcytic, hypochromic red blood cells are sometimes seen in the anemia of chronic illness. Anisocytosis is frequently observed (increased red blood cell distribution width). Disruption of iron metabolism is manifested by low serum iron, total iron-binding capacity, and transferrin saturation with an elevated serum ferritin level (Linker, 2001) . Low serum erythropoietin levels are associated with HIV-related anemia. In a cohort study that included HIV-infected individuals at all stages of the illness, researchers in Greece identified antibodies to erythropoietin. Circulating autoantibodies to erythropoietin significantly predicted anemia and were significantly associated with higher erythropoietin levels (Sipsas et al., 1999) .
Treatment
The first step in the treatment of HIV-related anemia is to identify the underlying etiology of the anemia. Review the medications, especially the antiretrovirals, currently being taken. All assessment data, especially cardiovascular, respiratory, and skin data, should be considered when initiating therapy for HIV-related anemia. Therapy should be based not solely on the individual's hemoglobin level but also on the physical assessment data. Consider substituting another drug for one that is myelosuppressive. For instance, it is often possible to substitute another nucleoside analog reverse transcriptase inhibitor for zidovudine.
Opportunistic infections. Constant vigilance in the treatment of opportunistic infections is required. In particular, prevention and treatment is required for the following organisms known to be associated with HIV-related anemia: M. avium complex, M. tuberculosis, Histoplasma, Cryptococcus, Coccidiodes, P. carinii, Leishmania, and P. B19.
Recombinant erythropoietin. Erythropoietin alfa, a recombinant, biosynthetic form of erythropoietin, is synthesized using recombinant DNA technology. Recombinant erythropoietin stimulates two progenitors of erythrocytes, the burst-forming units and the colony-forming units. The safety and efficacy of recombinant erythropoietin for treating anemia have been demonstrated (Henry et al., 1992) . The initial dosage of epoietin alfa is 100 to 300 units/kg subcutaneously or intravenously three times per week. The maintenance dose is individually titrated to keep the hematocrit between 36% and 40%. The response to erythropoietin alfa depends on the endogenous serum erythropoietin level prior to treatment. A good response to erythropoietin is usually observed in individuals with a serum erythropoietin less than 500 µU/mL (American Hospital Formulary Service, 2001). Little response to erythropoietin therapy is observed in individuals with a serum erythropoietin greater than 500 µU/mL (American Hospital Formulary Service, 2001).
Red cell transfusions.
Red cell transfusions are used with caution in HIV disease because blood transfusions have been shown to be immunosuppressive, to increase HIV replication, to accelerate disease progression, to decrease the survival time in HIV disease, Phillips, Groer / Anemia 57 I mild 10.0 to normal II moderate 8.0 to 9.9 III severe 6.5 to 7.9 IV very severe < 6.5 SOURCE: National Cancer Institute (1977). and to transmit a number of blood-borne pathogens (Groopman, 1997) . Proteins on the surface of white blood cells in transfused blood are known to be immunosuppressive. Following transfusion, HIVinfected blood recipients have decreased CD4:CD8 ratios (Kaplan, Sarnaik, Gitlin, & Lusher, 1984) , natural killer cell activity (Kaplan et al., 1984) , lymphocyte blastogenesis (Waymack et al., 1986) , and cell-mediated recall of antigens (Tartter, Heimann, & Aufses, 1986; Schot & Schuurman, 1986) . Transfusions induce cellular immune activation, and this activation appears to increase HIV viral replication (Margolick, Volkman, Folks, & Fauci, 1987; Mudido et al., 1996) .
Iron Deficiency Anemia

Pathophysiology
Worldwide, iron deficiency is the most common type of anemia. Deficient intake of iron, malabsorption of iron, increased requirement of iron, and blood loss most commonly cause iron deficiency. Although deficient iron intake is uncommon in adults, it should be considered as a cause of iron deficiency for all HIV-infected infants, children, adolescents, and adults. Malabsorption may result from inflammatory changes of the gastrointestinal mucosa. Acute and chronic blood loss can result from conditions such as Kaposi's sarcoma, excessive menstruation, or gastrointestinal bleeding. Increased demands for iron are experienced during infancy, adolescence, pregnancy, and lactation.
In the United States, the average diet provides approximately 10 to 15 mg of iron per day. Normally, 1 mg of iron is absorbed primarily across the mucosal cells of the duodenum and upper jejunum. Iron is transported in the blood by transferrin. In the blood, iron combines with apoferritin, a protein present in the blood, and becomes ferritin, the storage form of iron. Likewise, 1 mg of iron is lost per day through fecal or urinary excretion. Women who experience menorrhagia (excessive menstrual bleeding at the time of menstruation) may lose as much as 3 to 4 mg of iron per day (Leclair, 1997; Sacher & McPherson, 2000) .
In iron deficiency anemia, pica is frequently experienced, but the patient often fails to report unusual cravings for ice, starch, clay, or other substances. Signs of severe iron deficiency anemia include glossitis (inflamed tongue), cheilitis (fissures in the corner of the mouth), koilonychia (thin concave nails with raised edges sometimes called spoon nails), blue sclera, and dysphagia due to the formation of esophageal webs (Leclair, 1997; Sacher & McPherson, 2000) .
In early iron deficiency anemia, a decrease in serum ferritin may be observed. As iron deficiency anemia progresses, the red blood cells become hypochromic (decreased mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration) and microcytic (decreased mean corpuscular volume). The red blood cell count may be normal during early iron deficiency. As iron stores deplete, serum transferrin usually increases. Typically, the amount of transferrin saturated with iron (transferrin saturation) decreases to less than 10% (Teferri, 2001) .
Treatment
Iron supplementation can be administered orally or parenterally. The oral route is preferred because parenteral iron supplementation is associated with increased risk of anaphylaxis. Ferrous sulfate is often the oral iron preparation of choice because this form of iron is less expensive and more readily absorbed. Ferrous gluconate and ferrous fumarate are other common iron preparations that may be administered orally. Oral administration of iron may produce constipation, diarrhea, dark stools, and/or epigastric pain (American Hospital Formulary Service, 2001 ) (see Table 6 ).
Parenteral iron therapy using iron dextran should only be used when the patient is unable to tolerate any oral iron preparation or when malabsorption is the etiology of iron deficiency. Iron dextran can be given intramuscularly or as an intravenous infusion over 4 to 6 hours. Severe anaphylactic reactions have been observed following parenteral iron therapy. Anaphylactic reactions most often occur within minutes of onset of administration. Anaphylaxis is characterized by respiratory difficulty (wheezing, bronchospasm, rigor, dyspnea, and cyanosis), tachycardia, and hypotension. Because respiratory and/or cardiac arrest are possible, parenteral iron therapy should only be administered by persons who are able to deliver resuscitative measures, if needed (American Hospital Formulary Service, 2001 ).
The following formula is used to calculate the total dosage of iron dextran that is required for iron deficiency anemia (the weight is lean body weight rather than total body weight):
Total dose of iron dextran in mL = [0.0476 × weight × (hemoglobin normal -hemoglobin measured )] + 1 mL per 5 kg of weight (up to a maximum of 14 mL) (American Hospital Formulary Service, 2001 , p. 1364 .
The following formula is used to calculate the total dosage of iron dextran that is required for iron replacement secondary to blood loss:
Total dose of iron dextran in mL = 0.02 × blood loss in mL × hematocrit (expressed as a decimal fraction) (American Hospital Formulary Service, 2001 , p. 1364 .
Reticulocytosis indicates that iron supplementation is effective. Reticulocytosis should appear within 10 Phillips, Groer / Anemia 59 days following the initiation of therapy. Following the appearance of reticulocytosis, the hemoglobin is expected to rise 0.1 to 0.2 g per deciliter if iron deficiency is the etiology of the anemia (Sacher & McPherson, 2000) .
Vitamin B 12 Deficiency Anemia
Pathophysiology
Vitamin B 12 is required for folate metabolism. Therefore, vitamin B 12 deficiency also leads to defective DNA synthesis. There are two forms of vitamin B 12 , cyanocobalamin and hydroxycobalamin, which are synthesized by microorganisms ubiquitous in nature. Humans obtain vitamin B 12 from eating meat. The average American diet provides 5 to 30 µg of vitamin B 12 ; however, only 1 to 5 µg are absorbed. The liver stores from 3000 to 5000 µg of vitamin B 12 , enough to meet the requirements for about 6 months. For that reason, dietary deficiency of vitamin B 12 is rarely ever the cause of vitamin B 12 deficiency in this country (Sacher & McPherson, 2000) .
Malabsorption due to a lack of intrinsic factor is the most common cause of vitamin B 12 deficiency. Vitamin B 12 deficiency due to a lack of intrinsic factor is called pernicious anemia. Intrinsic factor, a substance produced by parietal cells in the stomach, is responsible for the absorption of vitamin B 12 in the terminal ileum. Intrinsic factor binds to vitamin B 12 and to receptor sites in the lumen of the terminal ileum. This binding process promotes the absorption of vitamin B 12 . Partial or total gastrectomy may lead to decreased production of intrinsic factor and decreased absorption of vitamin B 12 . Inflammatory changes to the ileal wall secondary to HIV disease may lead to decreased absorption of B 12 . Because intestinal bacteria use the vitamin B 12 present in the intestinal lumen, another cause of vitamin B 12 deficiency is bacterial overgrowth. Bacterial overgrowth often follows aggressive antibiotic therapy and may increase the amount of vitamin B 12 that is used (Sacher & McPherson, 2000) .
In addition to the general symptoms of anemia, the person with vitamin B 12 deficiency may present with gastrointestinal symptoms such as a sore mouth, a beefy or atrophic tongue (glossitis), or diarrhea. In addition, neurologic signs due to peripheral neuropathy (i.e., impaired gait, paresthesia, and decreased vibratory sense in the extremities) may be seen. Neurologic signs may also include decreased ability to think and reason and personality change (Sacher & McPherson, 2000 (Sacher & McPherson, 2000) .
Treatment
Cyanocobalamin (vitamin B 1 2 ). Although cyanocobalamin may be given orally in large doses, it is poorly absorbed from the gastrointestinal tract in the absence of intrinsic factor. Cyanocobalamin may also be given nasally. The preferred route is subcutaneously or intramuscularly. For pernicious anemia, lifelong vitamin B 12 therapy is required (Sacher & McPherson, 2000) .
Folate Deficiency Anemia
Pathophysiology
Folic acid is necessary for thymidine synthesis. Thymidine is an amino acid that is found in DNA but is absent in RNA. Thus, folate deficiency impairs the synthesis of DNA in the developing red blood cells.
The most likely cause of folic acid deficiency anemia in the general population is inadequate dietary intake. Foods that are rich in folate include asparagus, black-eyed peas, lettuce, spinach, collards, broccoli, liver, yeast, and mushrooms. Overcooking vegetables in water decreases the amount of folate they contain. A number of drugs that are used in the treatment of HIV disease antagonize the use of folate. These include trimethoprim, methotrexate, and trimetrexate. A drug that decreases the absorption of folic acid is the antitubercular drug cycloserine. Giardial infestation may impair the absorption of folic acid. Pregnancy increases the amount of folate that is needed. There is strong evidence that folic acid deficiency leads to neural tube deficits in the developing fetus. All women of reproductive age should begin folate therapy prior to becoming pregnant (Sacher & McPherson, 2000) .
The signs and symptoms of folic acid deficiency anemia are the same as for vitamin B 12 deficiency anemia. Neurological signs and symptoms may not be present (Teferri, 2001) .
Folate deficiency anemia is manifested by a low serum folic acid level (< 3 ng/mL) and a low red blood cell folic acid level (< 165 ng/mL). An effective response to folic acid therapy is indicated by a prompt and pronounced increase in the number of circulating reticulocytes (Sacher & McPherson, 2000) .
Treatment
Except for cases in which malabsorption is the basis for folic acid deficiency, a daily dose of folic acid 1 to 2 mg by mouth is sufficient. In cases where folic acid deficiency is due to malabsorption, a daily parenteral dose of 1 to 2 mg folic acid may be administered (American Hospital Formulary Service, 2001 ).
Anemia Due to Increased Red Blood Cell Destruction
Hemolysis refers to the destruction of red blood cells. Rapid and early destruction of red blood cells leads to hemolytic anemia. When the red blood cells are destroyed, they release free hemoglobin into the circulation. Through a series of steps, hemoglobin is broken down into bilirubin in the blood. This soluble form of bilirubin is referred to as unconjugated or indirect bilirubin. Glucuronic acid, a substance found in liver cells, acts on bilirubin to conjugate it to an insoluble form of bilirubin (direct bilirubin) that can be excreted as bile through the gastrointestinal system. In hemolytic anemia, there is more indirect bilirubin in the blood than can be conjugated by the hepatocytes, leading to hyperbilirubinemia.
Antibody-Mediated Hemolytic Anemia
Pathophysiology
Frequently, HIV-infected individuals present with hypergammaglobulinemia (excessive gamma globulin in the blood). A positive direct Coombs' test, indicating the attachment of immunoglobulins to the red blood cell membrane, is generally seen in non-AIDSrelated antibody-mediated hemolytic anemia. Although approximately 20% to 40% of HIV-infected individuals have a positive direct Coombs' test (Telen, Roberts, & Bartlett, 1990) , the incidence of AIDS-related antibody-mediated hemolytic anemia is rare (Coyle, 1997) . HIV-infected individuals who experience antibody-mediated hemolytic anemia become severely anemic and often require numerous transfusions (Saif, 2001) . Other signs of AIDS-related antibody-mediated hemolytic anemia include a low serum haptoglobin, microspherocytes on the peripheral blood smear, splenomegaly, increased indirect bilirubin, and hyperplasia of the red blood cell precursors in the bone marrow. A characteristic finding of antibodymediated hemolytic anemia is reticulocytosis; however, reticulocytosis is noticeably absent in AIDSrelated antibody-mediated hemolytic anemia (Coyle, 1997) .
Treatment
Treatment of AIDS-related antibody-mediated hemolytic anemia includes glucocorticoids, intravenous gammaglobulin, and splenectomy (Coyle, 1997) .
Hereditary Spherocytosis
Pathophysiology
Normal red blood cell membranes comprise 10 major and 200 minor proteins. Six proteins, spectrin, ankyrin, adducin, band 4.1, band 3, and band 4.2, form the cytoskeleton of red blood cells and help maintain their normal biconcave shape. In hereditary spherocytosis, one or more of these proteins are defective. Spectrin is the protein that is most often defective. This defect decreases the surface area of the red blood cell membrane and allows the cell to become spherical in shape, to swell more than normal, and to become osmotically fragile. Together, these factors decrease the survival time of the spherocytes (Zail & Coetzer, 1997) .
Hereditary spherocytosis is the most prevalent form of inherited hemolytic anemia in Caucasians (Zail & Coetzer, 1997) . It is usually transmitted by an autosomal dominant inheritance pattern (75%); however, it may also be transmitted by an autosomal recessive pattern (25%). Due to chronically elevated serum bilirubin levels, many individuals with hereditary spherocytosis often develop pigment gallstones. The most common pattern for hereditary sphero-cytosis is chronic mild hemolytic anemia. Approximately 10% of individuals with hereditary spherocytosis may experience a severe hemolytic episode requiring transfusion. Rarely, aplastic crises complicate hereditary spherocytosis. The most common cause of such crises is P. B19 infection (Zail & Coetzer, 1997) .
The patient with hereditary spherocytosis may present with jaundice, anemia, and splenomegaly from birth to adulthood. The hallmark of hereditary spherocytosis is the presence of spherocytes on the peripheral blood smear. Red blood cells from individuals with hereditary spherocytosis have increased osmotic fragility and undergo more rapid autohemolysis when allowed to incubate in a test tube for 48 hours at body temperature. Electrophoresis is used to determine which structural protein is defective (Teferri, 2001 ).
Treatment
Splenectomy is beneficial for most patients. The life span of red blood cells returns to near normal levels (120 days) following splenectomy. Following splenectomy, the individual becomes more susceptible to bacterial infections and may require prophylactic antibiotics. Life-threatening sepsis may occur following a splenectomy (Linker, 2001; Teferri, 2001 ).
Glucose-6-Phosphate Dehydrogenase Deficiency
Pathophysiology
Red blood cells contain no nuclei. Glucose-6-phosphate dehydrogenase (G6PD) is a protein required for aerobic glycolysis. In red blood cells, G6PD catalyzes the conversion of glucose to glutathione. Glutathione prevents hemoglobin from becoming denatured. In the presence of glutathione deficiency, oxidative destruction of the globin chains of hemoglobin occurs, and the red blood cell membrane becomes damaged. Most individuals with G6PD deficiency are asymptomatic most of the time and often reach adulthood before learning that they have G6PD deficiency. Certain drugs that are used in the treatment of HIV and other conditions, such as malaria, are known to induce hemolysis is G6PD-deficient individuals. Fava beans often trigger hemolysis (Sacher & McPherson, 2000) . These drugs are summarized in Table 6. G6PD deficiency is one of the most prevalent genetic disorders known. G6PD deficiency is transmitted by an X-linked recessive pattern of inheritance. G6PD deficiency is expressed in men who inherit the gene from their mothers who are carriers. G6PD deficiency is expressed in women only when both X chromosomes contain the gene (homozygous). G6PD deficiency is more common in African Americans, Asians, and people of Mediterranean descent (Sacher & McPherson, 2000; Sim, McCarron, & Glassman, 1997) .
The individual may become jaundiced, and his or her urine may become tea colored. Hemoglobin and hematocrit levels decrease. Heinz bodies (precipitated hemoglobin) appear on the peripheral blood smear. Serum bilirubin levels increase and haptoglobin levels decrease. Addition of certain drugs may result in the formation of Heinz bodies in an in vitro blood sample. Other tests that can be used to confirm the diagnosis of G6PD deficiency are the methemoglobin reduction test (sensitive), the ascorbate-cyanide test (not specific), the fluorescent spot test (sensitive and specific), and the specific G6PD assay (sensitive and specific) (Sacher & McPherson, 2000; Sim et al., 1997) .
Treatment
Prevention remains the best treatment for G6PD deficiency hemolytic anemia. Avoid oxidant drugs that may precipitate a hemolytic crisis.
Anemia Due to Increased Blood Loss Chronic Blood Loss Anemia
Pathophysiology
Chronic blood loss occurs in AIDS and contributes to the high incidence of anemia in this population. It is important to note that the anemia of HIV disease is often multifactorial, and therefore much less blood loss may precipitate symptoms. Early in chronic blood loss, the red blood cell morphology is normal. As chronic blood loss continues, the red blood cells become hypochromic and microcytic, indicating an inability of the bone marrow to adequately replace the erythrocytes that are being lost through chronic bleeding. The origin of chronic bleeding is most commonly in the gastrointestinal tract. Abnormal uterine bleeding due to reproductive tract malignancies is another possibility in female patients. Hemorrhagic cystitis due to infection may also be the etiology of chronic bleeding (Ghez, Oksenhendler, Scieux, & Lassoued, 2000) . Within the gastrointestinal tract, cytomegalovirus (CMV) is the most common cause, although blood loss from gastrointestinal lymphoma or Kaposi's sarcoma may also contribute.
When blood loss occurs very slowly, patients adapt and are often asymptomatic until the hemoglobin and hematocrit become very low. The patient with AIDS may be weakened by a number of other pathophysiological processes, however, and may become symptomatic earlier than a well person who develops chronic blood loss. Chronic blood loss causes pallor, fatigue, shortness of breath, light-headedness, dizziness, weakness, palpitations, and tinnitus. The pulse pressure (systolic blood pressure minus the diastolic blood pressure) widens due to peripheral vasodilation, and a systolic ejection murmur may be noticeable. These are physiological adaptations ensuring that tissue oxygenation is maintained for as long as possible. The oxyhemoglobin dissociation curve shifts to allow more oxygen to leave the hemoglobin molecule and diffuse into the tissues.
Treatment
Treatment of chronic blood loss is directed at ascertaining the etiology and appropriately treating it to achieve hemostasis, whenever possible. Transfusions may be required to return the hemoglobin and hematocrit to normal values. Increasing dietary iron sources is usually recommended, although iron can irritate the gastric mucosa and should be used carefully in the patient with AIDS-related gastrointestinal diseases.
Acute Blood Loss Anemia
Pathophysiology
The individual with HIV disease is at risk for both acute and chronic blood loss mainly through gastrointestinal bleeding, with upper gastrointestinal bleeding occurring more commonly than lower. Because of underlying thrombocytopenia, the risk of bleeding from any lesions increases dramatically in the person with AIDS (Chalasani & Wilcox, 1999) . Upper gastrointestinal bleeding is most often associated with non-HIV-related factors, such as peptic ulcer disease and gastritis, whereas lower gastrointestinal bleeding is more commonly associated with HIV. A number of opportunistic infections can cause erosions and ulcerations of the gastrointestinal mucosa. The most prevalent infection is with CMV, which is the most common viral pathogen in patients with AIDS. CMV infection Phillips, Groer / Anemia 63 Table 7 NOTE: ↓ = decrease, ↑ = increase, → = no change.
of the gastrointestinal tract causes inflammatory changes that lead to focal thrombosis, occlusion, ischemia, and mucosal ulceration (Poles & Dieterich, 1996) . The friable, damaged mucosa bleeds easily, and ulcerative lesions may even perforate through the muscularis mucosa. There are several sites of CMV infection, but the esophagus and colon are the most common. Esophageal involvement can occasionally present as upper gastrointestinal bleeding, whereas CMV colitis leads to hematochezia, diarrhea, cramping, and abdominal pain. Other causes of colitis in AIDS include Cryptosporidium, Shigella, Salmonella, Campylobacter, and Clostridium difficile. Anorectal ulcerations and fissures are an additional, fairly common cause of bleeding in patients with AIDS and can be due to CMV, Chlamydia, Treponema, herpes simplex virus, and HIV (Poles & Dieterich, 1996) .
Human immunodeficiency virus infection may be associated with bacterial and fungal lesions in other organs, which may ultimately lead to bleeding. Subarachnoid hemorrhage due to cerebral arteriopathy has been reported in AIDS (Mazzoni, Chiriboga, Millar, & Rogers, 2000) . Massive bleeding into the peritoneum can also occur.
Acute blood loss occurs during hemorrhage, usually from the gastrointestinal tract or the uterus. In hemophiliacs, bleeding may result from external or internal injury. Hemorrhage into body cavities and joint spaces should be considered. An acute event may also be superimposed on a situation of chronic blood loss. The volume of blood loss over time determines the symptoms, which are related to hypovolemia with consequent sympathetic nervous system activation. Depending on the amount of blood loss and the physical condition of the patient, hemorrhage may be fatal if shock develops. Signs and symptoms of hemorrhagic shock include tachycardia, tachypnea, pallor, cold, clammy skin, decreased urine formation, dry mucous membranes, and weight loss. The anemia that develops following acute blood loss is normocytic (see Table 7 ).
Treatment
The debilitated patient with AIDS who suffers hemorrhagic blood loss will require heroic lifesaving efforts and transfusions to recover volume and oxygencarrying capacity in most cases. The volume of blood, and the loss of cells, will be replaced over time if the patient recovers from the massive bleeding, although it may take 3 to 6 weeks for full recovery.
Differentiation of Anemia
The differentiation of anemia begins with a complete history and physical examination. A complete blood cell count is the next step in the differentiation. Red blood cell size, determined by the mean corpuscular volume, helps to broadly classify anemia for differential diagnosis. Following the complete blood cell count, a peripheral blood smear may provide useful information. Common findings for each type of anemia are presented in Table 8 . Figure 2 provides 
